C
igarette smoking remains the leading preventable cause of disease and premature mortality in the United States.
1 There have been substantial declines in smoking prevalence over the past half century in the United States, although the rate of this decline has decelerated in recent years. 2, 3 Cannabis use is more common among people who smoke cigarettes than among those who do not. [4] [5] [6] Studies show that cannabis use is associated with the persistence of cigarette smoking 7, 8 and relapse to smoking among former smokers. 9 The inverse is also evident: the use of tobacco is associated with increased odds of cannabis dependence. 10 Previous studies have not examined whether the prevalence of daily cannabis use has changed among cigarette smokers in the population over the past decade. Indeed, previous work suggests that heavy cannabis use is strongly related to cigarette smoking and nicotine dependence. 5, [11] [12] [13] In a recent study, Schauer et al. found an increase in past 30-day cannabis use among tobacco users from 2003 to 2012, 6, 14 as well as significant increases in co-use of past 30-day cannabis and tobacco use from 2003 to 2012 with differential increases by demographic group. Yet, it is not clear that previous studies examining occasional, any past-30 day, or any past-year cannabis use allow us to extrapolate to an accurate estimate of the relations between daily cannabis use and cigarette smoking. Understanding the degree to which daily cannabis use may be common among cigarette smokers is critical because previous findings suggest that any past month cannabis use is associated with smoking persistence and relapse 7, 9 coupled with previous estimates of high rates of cigarette smoking among cannabis users. 14 We investigated the prevalence of daily cannabis use among nondaily, daily, former, and lifetime cigarette nonsmokers and whether these rates differ by demographic characteristics among those aged 12 years and older in the United States. Second, we estimated changes in the prevalence of daily cannabis use among nondaily, daily, former, and never cigarette smokers, overall and by demographic subgroups, from 2002 to 2014.
METHODS
The National Survey on Drug Use and Health (NSDUH) provides annual crosssectional national data on the use of tobacco, other substance use, and mental health in the United States. [15] [16] [17] [18] [19] [20] [21] [22] [23] A multistage area probability sample for each of the 50 states and the District of Columbia was conducted to represent the male and female civilian noninstitutionalized population of the United States aged 12 years and older. We obtained data from the 2002-2014 NSDUH public use data files for a combined sample size of 725 010 individuals. To increase the precision of estimates, African Americans, Hispanics, and young people were oversampled. Response rates for completed surveys ranged from 73% to 79%.
Participants aged 18 years and older provided informed consent, and parental permission and assent was obtained for individuals aged 12 to 17 years before the start of every interview. Participants were given a description of the study, read a statement describing the legislation regarding the confidentiality of any information provided by participants, and assured that participation in the study was voluntary. Surveys were administered by computer-assisted personal interviewing conducted by an interviewer and audio computer-assisted self-interviewing. Audio computer-assisted self-interviewing was designed to provide respondents with a private and confidential means of responding to questions and to increase honest reporting of illegal drug use and other sensitive behaviors. Respondents were offered US $30 for participation.
Sampling weights for the NSDUH were computed to control for unit-level and individual-level nonresponse and adjusted to ensure consistency with population estimates obtained from the US Census Bureau. To use data from the 13 years of combined data, a new weight was created upon aggregating the 13 data sets by dividing the original weight by the number of data sets combined. Additional information describing the complex sampling weight methodology for the NSDUH can be found elsewhere. We asked nondaily and daily smokers to report the number of cigarettes that they smoked per day: "On the days you smoked cigarettes during the past 30 days, how many cigarettes did you smoke per day, on average?" Response options for the included "1-15" versus "16+" cigarettes that they smoked per day.
Cannabis use variables. Participants reported how long it had been since their last cannabis use. We categorized individuals reporting using cannabis "within the past 30 days" as past month users in a new dichotomous variable (any vs none). Participants indicating past month use reported the number of days they used cannabis in the last 30 days. We classified participants who reported using cannabis on 25 days or greater as "daily users." [25] [26] [27] [28] [29] 
Statistical Analysis
Data were weighted to reflect the complex design of the NSDUH sample and analyzed with Stata SE version 12.0. 30 We used Taylor series estimation methods (Stata SVY commands) to obtain proper SE estimates for the cross-tabulations. First, we examined the combined prevalence of daily cannabis use by smoking statuses (nondaily, daily, former, and never smokers) from 2002 to 2014. We then examined the association between daily cannabis use with nondaily and daily cigarette smoking by demographic characteristics.
Next, we examined the prevalence of daily cannabis use among the 4 smoking statuses across time from 2002 to 2014.
We assessed linear time trends of cannabis use and daily cannabis use using logistic regression models with continuous year as the predictor. We then used multivariable logistic regression to adjust for demographics (gender, age, race/ethnicity, income). Within these analyses, odds ratios (ORs) indicate the slopes of the increase and decrease (i.e., rapidity of change) in daily cannabis use between 2002 and 2014. Furthermore, we used models with year by smoking status interaction terms and F-tests to test the significance of these interactions to assess differential time trends (i.e., differences in the rapidity of change between smoking statuses).
Additionally, we tested interactions between year, smoking status, and selected demographic characteristics (gender, race/ ethnicity, age); all were significant (all P < .01). Thus, we stratified analyses concerning the prevalence of daily cannabis use by the demographic characteristics. We used models with year by sociodemographic characteristic interaction terms and F-tests to test the significance of these interactions to assess differential time trends (i.e., differences in the rapidity of change between levels of the sociodemographic variables) within each of the 4 smoking statuses.
RESULTS
Daily and nondaily cigarette smokers were significantly more likely to use cannabis daily than were never smokers (OR = 4.47; [95% confidence interval (CI) = 4.15, 4.82]; OR = 7.61; [95% CI = 7.09, 8.17], respectively) in every demographic group. The relationships between daily and nondaily cigarette smoking and daily cannabis use differed significantly by age, gender, marital status, race, and income (Table 1 ). The strength of the relationships varied, but all were robust and statistically significant. In terms of differences by demographic strata, the relationship between daily and nondaily cigarette smoking and daily cannabis use was stronger among females than among males, among youths aged 12 to 17 years than among older age groups, among never married and widowed, divorced, or separated versus married, and among the highest income group versus the lowest income group.
For race/ethnicity, there was no difference in the strength of the relationship between cigarette smoking and daily cannabis use between White and African American respondents; the relationships were stronger among Hispanic and other race/ethnicity group respondents than among White respondents. For The strength of the relationship between cigarette smoking and daily cannabis use was particularly strong among youths aged 12 to 17 years. The ORs suggest that nondaily and daily cigarette smoking in youths is associated with a 23-fold and 51-fold increase in likelihood of using cannabis daily, respectively.
Daily Cannabis Use by Cigarette Smoking Status
Daily cannabis use increased significantly in the US population across all smoking statuses from 2002 to 2014: current daily (4.92% vs 9.01%), nondaily (2.85% vs 8.03%), former (0.98% vs 2.79%), and never cigarette smokers (0.45% vs 1.05%; Figure 1 ; Table A [available as a supplement to an online version of this article at http://www.ajph.org]). These trends remained significant after adjusting for a range of covariates.
However, the rate of the increase differed significantly by smoking group in several cases. Specifically, the increase in rate of daily cannabis use was significantly more rapid among nondaily smokers (adjusted OR [AOR] = 1.10; 95% CI = 1.08, 1.12) than among daily smokers (AOR = 1.07; 95% CI = 1.06, 1.09) and more rapid among former smokers (AOR = 1.12; 95% CI = 1.10, 1.15) than among never smokers (AOR = 1.08; 95% CI = 1.07, 1.10). 
Daily Cannabis Use by Gender
Daily cannabis use increased significantly among both genders in all smoking status groups. Among never smokers, daily cannabis use increased faster among females (AOR = 1.13; 95% CI = 1.10, 1.16) than among males (AOR = 1.06; 95% CI = 1.05, 1.08), and females showed a 3-fold increase in prevalence of daily cannabis use over this period (Table B [available as a supplement to an online version of this article at http://www. ajph.org]).
There were no differences in the rate of change over time by gender among daily, nondaily, and former smokers.
Daily Cannabis Use by Race/Ethnicity
Daily cannabis use increased among all daily, nondaily, former, and never smokers of all race/ethnicity groups, without any significant differences in the rate of change between groups (Table C [ Notably, daily cannabis use increased 5-fold among nondaily, former, and never smokers of other race/ethnicity.
Daily Cannabis Use by Age
Daily cannabis use increased significantly among daily cigarette smokers in all age groups (Table D [available as a supplement to an online version of this article at http:// www.ajph.org]); the fastest rates of increase were among those aged 26 years and older (AOR = 1.10; 95% CI = 1.08, 1.12) versus aged 12 to 17 years (AOR = 1.04; 95% CI = 1.02, 1.07) and 18 to 25 years (AOR = 1.04; 95% CI = 1.03, 1.05). The highest prevalence of daily cannabis use-by contrast-was among those aged 12 to 17 years with 27.6% of daily smokers aged 12 to 17 years using cannabis daily in 2014. In 2014, 20.33% of those aged 18 to 25 years who were daily cigarette smokers used cannabis daily, with a considerably lower proportion (7.12%) of daily cannabis use among daily cigarette smokers aged 26 years and older.
Among nondaily cigarette smokers, daily cannabis use increased in all age groups, again with the fastest rate of change among those aged 26 years and older (AOR = 1.13; 95% CI = 1.09, 1.16), followed by aged 18 to 25 years (AOR = 1.09; 95% CI = 1.07, 1.10) and 12 to 17 years (AOR = 1.06; 95% CI = 1.03, 1.09). Among nondaily cigarette smokers, daily cannabis use was considerably lower (12.5%) among those aged 12 to 17 years (vs 27.6% among daily cigarette smokers), although daily cannabis use was reported by 17.34% of nondaily cigarette smokers aged 18 to 25 years in 2014.
DISCUSSION
The study has several key findings. First, daily cannabis use appears to occur nearly exclusively among cigarette smokers in the United States. Specifically, averaged over 2002 to 2014, the prevalence of daily cannabis use is approximately 10 times higher among cigarette smokers than among never smokers. Less than 1% of never cigarette smokers use cannabis daily, whereas 11.05% of cigarette smokers (nondaily smokers: 4.74%; daily smokers: 6.31%) use cannabis daily.
Second, the prevalence of daily cannabis use increased significantly among daily (4.92% vs 9.01%), nondaily (2.85% vs 8.03%), former (0.98% vs 2.79%), and never (0.45% vs 1.05%) cigarette smokers from 2002 to 2014. Yet, the rate of increase in daily cannabis use was most rapid among former cigarette smokers. Although the overall prevalence of daily cannabis use remains relatively low among non-cigarette smokers compared with cigarette smokers, the number of people affected is substantial; non-cigarette smokers comprise the largest segment of the population (former smokers: 20.03%; never smokers: 58.61%).
Third, the prevalence of daily cannabis use by smoking status differed by demographic group. The disparities in these relationships were particularly notable by age, gender, and race/ethnicity.
The mechanisms underlying the relationship between tobacco and cannabis use are not clear, but because of the high rate of co-use, this topic is being intensely studied. 31 Overlaps in the neurobiological systems involved with nicotine and cannabis (e.g., activation of the mesolimbic dopaminergic system) and cannabinoid receptors appear to mediate the rewarding effects of nicotine. [31] [32] [33] In fact, cannabinoid agents have been proposed as potential treatments for nicotine dependence. 32 Substitution has been defined as a conscious choice to substitute 1 drug for another, as described among medical marijuana patients. 34, 35 In this case, use of tobacco and cannabis together may be driven by attempts to use 1 drug to alleviate some of the potential negative effects or consequences of the other drug.
Persons who quit smoking cigarettes may substitute cannabis to lessen withdrawal symptoms, using an alternative substance that is viewed as less addictive, less harmful, and carrying less stigma. With regard to withdrawal, some preclinical and clinical data suggest that cannabis use attenuates the experience of nicotine withdrawal. 36, 37 Also, both cannabis and nicotine are typically used by the same route of administration (i.e., inhalation) and are often used simultaneously through blunts or joints, which increases the amount of tetrahydrocannabinol inhaled.
37,38
Preclinical research suggests that tetrahydrocannabinol increases the rewarding value of nicotine, 39 and numerous cannabis users report using tobacco to extend and enhance the effects of cannabis. 39, 40 One laboratory study showed that persons receiving nicotine through a transdermal patch, compared with a placebo patch, reported increased effects from cannabis, including a higher heart rate and self-rating of being "stimulated" and "high."
31
Complementarity is generally defined as the case when 2 drugs are used together at high rates, as tobacco and cannabis are, because of a desire to experience synergistic effects of the drugs. This is another potential explanatory mechanism for high levels of use of both substances. In addition, there is evidence that cannabis and tobacco have somewhat contrasting effects on cognition. Specifically, cannabis can have negative effects on cognition, [41] [42] [43] whereas nicotine can have positive effects on cognition 44 and nicotine may be used as an attempt to attenuate cannabis-related negative cognitive effects. [44] [45] [46] It is also conceivable that a pattern of use may begin as substitution and transform into complementarity. Furthermore, it is possible that a number of psychosocial, individual, and environmental factors influence co-use, especially with the changes in cannabis legal status and the increasing stigma associated with cigarette use. Future research that can investigate pathways that incorporate the reciprocal effects of neurobiological, psychosocial, psychological, and environmental factors will likely be needed to gain a better understanding of these mechanisms.
Upon examining the relationship between daily cannabis use and cigarette smoking by demographic subgroups, we found significant and robust relationships for all subgroups, but the strength of the relationships differed significantly by subgroup. The most striking disparity was by age, specifically among youths aged 12 to 17 years. Although the prevalence of daily cannabis use was almost nonexistent among those aged 12 to 17 years who have never smoked cigarettes (i.e., 0.65%), 27.6% of adolescent daily cigarette smokers and 12.52% adolescent nondaily cigarette smokers reported daily cannabis use. We are not aware of previous reports that have illustrated that daily cannabis use in youths occurs nearly entirely among those who also use cigarettes.
In addition to age, we found several other differences for demographic subgroups. Although the prevalence of daily cannabis use was higher among men than among women, the relationship between cigarette smoking and daily cannabis use was stronger among women than among men and the prevalence of daily cannabis use increased significantly more rapidly among women than among men over time. The strength of the relationship between cigarette smoking and daily cannabis use also increased with income, with the strongest relationship among those with incomes of $75 000 and higher, although the relationship among those with $20 000 and lower was still robust. Future in-depth work is needed to understand these shifting trends by gender and income.
Limitations
Limitations of this study should be considered. First, the level of cannabis use on a certain day is not known, and therefore this may vary considerably. Further, cannabis use was measured by self-report without biological verification and is therefore subject to report bias. Thus, level of consumption is not known and may vary considerably.
Second, the mode of administration of cannabis is not fully detailed. In future work, understanding whether the relations between cigarette smoking and cannabis use is related to route of administration of cannabis or tobacco would be helpful both from a public health perspective in assessing prevalence trends and in furthering efforts to understanding the mechanisms of this relationship.
Additionally, because of the repeated cross-sectional nature of the NSDUH, we are unable to explore changes within the same individuals over time. Yet, the data do not allow observation of potentially important trends over time at the population level.
Conclusions
Because of the strong relationship between cigarette and cannabis co-use, and operating under the premise that increased daily cannabis use could be contributing to the deceleration in smoking prevalence in the United States, our primary goal was to investigate the relationship between cigarette smoking and daily cannabis use and to examine whether daily cannabis use has increased among smokers over time. We found that daily cannabis use has increased significantly among nondaily smokers and daily smokers. Yet, the rate of increase was most rapid among non-cigarette smokers.
The rate of increase of daily cannabis use among nondaily cigarette smokers was slightly higher than among daily cigarette smokers; and recent results suggest that whereas daily smoking continues to decline rapidly, nondaily smoking is not declining as rapidly and may be increasing in some groups. It is conceivable that this stunted decline in cigarette use is owing, in part, to the substantial increase in daily cannabis use in this group. Other work has recently found that nondaily smokers also appear to have higher levels of depression and other substance use, suggesting they are a group who requires further study. 47 We also found that although the relative prevalence of daily cannabis use among noncigarette smokers is low compared with that among smokers, the rate of increase in nonsmokers is faster than it is among smokers. Previously, some work has found that cigarette use may be a gateway into other drug use behavior, including cannabis. 48 Yet, recent work suggests that (1) more permissive attitudes toward marijuana may mitigate this gateway effect, or (2) cannabis may serve as a gateway to cigarette use. 49 Because recreational cannabis has recently been legalized in a growing number of US states, nonsmokers may represent a new group at considerable
